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Abstract 
In view of the complexity and nonlinear characteristics of Chinese energy consumption system, this paper 
respectively makes use of neural network, grey forecast and time series to construct models depending on historical 
data of Chinese energy consumption. According to standard deviation method, suited weight is distributed to the 
prediction of each individual model, and a combination forecasting model is established.  Finally, the combination 
model is applied to predict Chinese energy consumption in the following six years. The results show that Chinese 
energy consumption will be 4.21 billion tons of standard coal in the year of 2015. 
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1. Introduction 
Energy is an important material basis for the economic development and social progress.  Whether the 
energy supplies could support the sustainable economic growth of our country in the fut ure is becoming 
an important problem at home and abroad [1]. 
Therefore, it  has the vital practical significance to complete the analysis of energy consumption 
forecast in order to provide the basis for the energy plan and policy formulation. 
2. The establishment of monomial forecast model 
2.1. The neural network  model[2] 
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The BP neural network method trains the entire BP neural network based on the forward propagation 
of information and the erroneous reverse back coupling in order to minimize erroneous the sum of 
squares. The structure of BP network is shown in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  The structure of BP network 
The paper chooses the gross national product (calculated by 1978 price computation), the economic 
structure, the population and the urbanization rate as the influence factors . 
The model expression is as follows: 
1 2 3 4( , , , )Y f x x x x                                              (1) 
 Y represents the total energy consumption, f represents the neural network model, 1
x represents the 
gross national product , 2x represents the economic structure, 3x represents the population, 4x represents the urbanization rate. 
The paper selects the data from 1990 to 2003 to train the BP neural network [3], and tests the 
prediction accuracy of neural network model with the data from 2004 to 2009.  The application of BP 
neural network model is achieved by MATLAB, and the number of neurons in the intermediate layer is 
36. The variables should be normalized before inputting to the network so that the values are between 0 
and 1. 
According to the result of the BP neural network model, the average relative error is  2.17 percent 
between 1990 and 2003, while the average predictive error is 1.86 percent between 2004 and 2009. 
Therefore, the precision of average relative error and average predictive error in BP neural network model 
is quite high. 
2.2. The grey model[4] 
The main  process of establishing Chinese energy consumption of (1,1)GM model with the grey model 
is as follows: 
The energy consumption data from 1995 to 2009 are chose as the original data series : 
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Make the accumulation production to the original data series, obtaining the new series. 
The grey differential equation is established: 
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Let ( , )Ta uI  , and obtain the estimated values of a  and u with the least squares method. 
Namely ( 0.0968,115975)TI   , then establish the albino equation of (1,1)GM model: 
(1)
(1)0.0968 115975
dy
y
dt
                                                         (5) 
Solve the differential equation, and get the forecasting model: 
(1) (0) 0.0968115975 115975( 1) [ (1) ]
0.0968 0.0968
iy i x e                              (6) 
Restoring the predicted results in accordance with the following formula, the predicted value of the 
original series is obtained: 
(0) (1) (1)
( 1) ( 1) ( )y i y i y i                                                           (7) 
Take the posterior poor inspection to the grey model, and calculate the variance ratio 1
0
c s
s
 . 
( 1S represents mean-square deviation of residual error, 0S represents mean-square deviation of the 
original series), then we get 0.3640c  . 
Finally, the small error probability 1p  in the grey model based on the rule is obtained: 
(0) (0)
0{| ( ) ( ) |} 0.6745p e i e i s
                                                   (8) 
Checking the relevant statistical test table, the variance ratio is slightly larger than 0.35, which 
indicates that the grey model can be used in forecasting. 
2.3. The time series model[5] 
The time series model regards the data sequence which is formed by the forecasting object along with 
the time as a random sequence, and the interdependence relations or the autocorrelation included in this 
group of random variable has attributed the development continuous nature of the forecasting object . 
Then this kind of autocorrelation is described with the t ime series model. So we can  predict the future 
value from the past value and the present value. 
Firstly, consider the deterministic part of the model: 
Carry on the logarithm transformation to Chinese ten thous and Yuan GDP energy consumptions. 
Suppose the thousand Yuan energy consumptions is tX , then the linear regression of tX is as follows: 
86.816 0.043t tX t u                                                                       (9) 
2 0.955, . 0.174R DW                                                                          (10) 
The fitting goodness of regression is high, which can explain most of the changes in energy intensity. 
Secondly, consider the stochastic part: 
If the residual series tu is mutually independent, the above equation is an ordinary linear regression 
model. The value o f .D W shows that a strong correlation exists between the residual series, which  
indicates the residuals series is predictable. Simultaneously, the residual series is a steady sequence. 
Therefore the model could be established as follows: 
1 10.874 0.704t t t tu u a a                                                         (11) 
2 0.891R                                                                                    (12) 
The goodness of fit in the model is high, and each parameter has passed  the significance examination. 
Finally, combine the determinis tic part with the stochastic part. The result is as follows: 
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 1 186.816 0.04 0.884 0.727t t t tX t u a a                              (13) 
2 0.996, . 1.5706R DW                                                       (14) 
The goodness of fit  in the model is ext remely high, and  the average relative error is only  2.11%. 
Besides, each parameter in the model has passed the significance examination. 
Looking up table under the condition of 0.01a  , we obtain the result: 
1.42ud  , . 4u ud DW d   , which  shows that the residual series tends to white noise. Therefore 
the time series model is appropriate. 
3. The prediction of Chinese energy consumption in the following six years 
3.1. Calculate the combination weights and establish the combination forecasting mode 
In order to make fu ll use of the monomial model, the paper establishes the combination forecasting 
model, adopting standard deviation method to determine combination weigh ts [6]. 
Supposing the predicted error standard deviation of neural network model, according to the data from 
1995 to 2009 [3], the gray model and t ime series model is 1 2 3, ,V V V respectively, 
and
1
( 1,2,3)i
m
i
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  ¦ , , ( 1,2,3)( 1)iiw imV VV    , m  represents the number of the models. 
So we obtain (0.3138,0.1030,0.5832)w . 
According to the weight of this combination, the establishment of the combination forecasting model 
is as follows: 
1 2 30.3138 0.1030 0.5832y y y y                                          (15) 
y represents the predictive value of combination model. 1y  represents the predictive value of neural 
network model. 2y represents the predictive value of gray model. 3y represents the predictive value of 
time series model. 
3.2. The application of the combination forecasting model  
Forecasting Chinese energy consumption in the following six years according to the combination 
forecasting model, the result is shown in table 1: 
 
Table 1. The predictive result of the combination forecasting model 
 value of neural network 
(million tons of standard 
coal) 
value of grey model 
(million tons of standard 
coal) 
value of time series 
(million tons of standard 
coal) 
Value of combination 
(model million tons of 
standard coal) 
2010 320900 327880 326760 325140 
2011 340900 345720 338840 340800 
2012 363250 361270 351710 357060 
2013 388190 395160 365430 383910 
2014 415940 423750 380070 406710 
2015 446750 441730 395580 421320 
Along with the growth of the population and economy, the energy demand is increasing unceasingly. 
By 2015, Chinese energy consumption will be 4.21 billion tons of standard coal. 
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The forecasting result of combination forecasting model cannot be completely precise because any 
kind of models is established based on historical data directly or indirectly. As time goes on, the change 
of internal and external environmental conditions associated with historical data will occur in a complex 
system.  
4. Conclusions 
Chinese energy supply security situation is extremely severe, which indicates that building a resource-
saving and environment-friendly society has a long way to go in China from the angle of energy. 
Therefore, we need to adopt the following three measures: 
Firstly, the government should speed up the research and promotion of the energy conservation 
technology, and raise the public awareness of energy saving to achieve the purpose of minimizing energy 
consumption. 
Secondly, the government should take various measures actively to guarantee the supply of energy, 
and strive for expanding the channels for energy supply in China. 
Finally, the government should step up the research and development of clean energy and alternative 
energy, and make it as soon as possible to service for the economic and social development. 
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